Abstract Interest of human adaptability to city life is one of the most principal topics of physiological anthropology. Especially, cultural adaptation and flowing stresses by itself is the most important viewpoint of human adaptability in the recent modern life. In this paper, the authors reviewed the keywords of physiological anthropology, especially with the focus on techno-adaptability, and presented our experimental trials to study physiological polymorphism of cardio-vascular reactivity to mental stresses. We scoped the psychological stresses by means of mental tasks as an experimental model of techno-stress. Techno-stress was defined as not only from inadequate interface of man-machine system, but also from increased social complexity owing to highly advanced technological social system. In the experimental trial, we observed different types of cardio-vascular responses to several mental tasks. Blood pressure rose significantly during the tasks. However, contribution of change in cardiac output and total peripheral resistance on it was not the same between subgroups of the subjects.
Introduction
The methodology of physiological anthropology has been defined in the capacity of an independent academic field by the five keywords; environmental adaptability, technological adaptability, physiological polymorphism, whole-body coordination and functional potentiality, clearly suggesting the direction of approach to human beings in the field of physiological anthropology. Recently, these keywords are attracting a great deal of attention from physiological anthropologists in Japan (Iwanaga, 2003 (Iwanaga, , 2004 . The methodology of physiological anthropology is clearly different with that of physiology, ergonomics, etc., although it has often been misunderstood to be an interdisciplinary field.
The basis of these keywords is "biology", strictly speaking "human biology". This might be clearly understood if physiological anthropology is taken as a field of physical anthropology considered to be one of the fields of biology.
The five keywords of physiological anthropology indicate the way to elucidate the substances of human adaptability. The keyword environmental adaptability shows the disciplinary subject described above exactly. Technological adaptability which means human adaptability to artificial and modern living environments supported by highly advanced technology could be considered a part of environmental adaptability in the broad sense. However, considering the peculiarity of human physiological functions among animate nature, technological adaptability has a special significance in physiological anthropology. The other three keywords physiological polymorphism, whole-body coordination, and functional potentiality could be discussed as standpoints from which physiological anthropologists observe humans. These three keywords explain the physiological mechanisms of human adaptability conceptually (Iwanaga, 2003) . Therefore, it is difficult to discuss and define each keyword independently. Their correlation suggests the methodology of physiological anthropology in which humans are discussed from the viewpoint of population biology based on data from experimental trials in laboratory.
As we can see in advanced countries, our living environment benefits from technological development. However, changes in the living environment following technological development have increased the complexity of daily life system. We define "techno-stress" as not only the stress owing to inadequate human-machine interface, but also stress owing to the complexity of daily life systems supported by highly advanced technology .
There is a very wide diversity of stress in city life (Harrison, 2001) . Physical stresses are markedly reduced by mechanization and artificial environment control. However, decrease in physical stresses creates new problems for human population, namely decrease in physical activity and work capacity, malnutrition and overweight, increase in cardiovascular diseases, etc. These pose as serious problems which must be resolved in the future. On the other hand, psychological stress seems to increase in modern city life. Complexity of the social system including radical sociability, increase in communication network and complicated daily life system, are the outcome of technological development. Under these circumstances, mentally or emotionally stressful situations occur throughout our lives. Cultural adaptation reduces stresses from various environments by intellectual activity. This can be called a way of adaptation by means of technology. On the other hand, cultural adaptation by newly developed technology creates new stresses to be adapted. Techno-adaptability can be interpreted in two ways. Namely, one is "human adaptability to technostress", and the other is "human adaptability by means of technology". Baker (1984) described that "diversity of stresses was a result of an interlocked process whereby populations, in adapting to new environments, create new stresses which evoked further adaptive responses". According to this description, the term of techno-adaptability should be understood based on successive process of cultural adaptation and newly created stresses.
Currently we are working on the study of technoadaptability from the viewpoint of physiological polymorphism. In an experimental trial, mental stress of human information processing in the brain was used as an experimental model of techno-stress.
Methods
Ten healthy male and female university students participated as subjects. Each subject performed three kinds of mental tasks; mental subtraction, mental addition and color-word task. In the subtraction task, subject performed serial subtractions of the number 17 beginning with the number 1,000 as quickly and accurately as possible in their head (Nakao et al., 1998 ). In the additional task, subjects added up two double-digit numbers shown on a computer screen in their head continuously. In the color-word task, one target color-word in red, blue, yellow, green or purple and five color-words in black were displayed on a computer screen. The target letter appeared in a different color from the color spelled by the word. Subjects were instructed to report the color of the target letter from five colorwords in black as quickly and correctly as possible. In this paper, mainly the results of subtraction task are reported.
The mental task period lasted five minutes, and was preceded by a five-minute baseline period and followed by a 10-minute recovery. During the experiment, subjects were sat on a comfortable chair. In the subtraction task, subjects started the task at the cue from an examiner. In the additional task and color-word task, questions were presented on a computer screen in front of the subjects.
Cardiovascular valuables, systolic and diastolic blood pressures (SBP and DBP), heart rate (HR), stroke volume (SV), cardiac output (CO) and total peripheral resistance (TPR), were obtained throughout the experimental procedure, using non-invasive continuous blood pressure monitor (PORTAPRESS, Model-2). The reliability of the model flow method for CO measurement by the apparatus was confirmed by comparison with the CO 2 re-breathing method (unpublished data). Data of these variables were recorded with correspondence to each heart beat. All valuables averaged for each minute were expressed as their change by subtracting the mean value of the baseline from the value of every minute. The relative changes in valuables (% change) were obtained by the following equation. rose immediately after the onset of mental subtraction, and kept the same level during task period. The changes in CO increased and kept the same level during the task. However, the change in TPR did not show a clear trend. The increase in MAP by the subtraction task was the largest among the three tasks, though the same trends of change were seen in the other two tasks. According to subjective evaluation, mental subtraction task showed the highest score of mental effort and confliction. These results suggest that mental stress from the subtraction task is larger than that from the other two tasks. The change in HR showed an abrupt rise immediately after the onset of the task. On the other hand, the change in SV showed a gradual increase during the task and recovery periods. Figure 2 shows % changes (%D) of MAP, CO and TPR in the two subjects. They showed typical two changing patterns of CO and TPR. Subject A showed increase in MAP, CO and TPR during task period. On the other hand, subject B showed decrease in TPR during task period although MAP and CO increased.
Results
On changing patterns of CO and TPR in each subject, all 10 subjects showed positive changes in CO, although in the case of TPR, six subjects showed negative changes and four of them were positive. These results provide information on the different types of cardiovascular reactivity to mental stresses. Table 1 shows a summary of the findings. Contribution of cardiac functions to increased blood pressure during mental stress was positive in the all subjects. However, contribution of peripheral vascular functions was positive or negative, suggesting the possibility of the existence of at least two types of physiological phenotypes; namely, peripheral contributor and peripheral non-contributor to blood pressure rise are observed.
Discussion
Various prior studies have shown that there are different types of physiological reaction to mental tasks. Ring et al. (2002) showed the possible existence of two types, the cardiac reactor and the vascular reactor, in a study of cardiovascular reaction to a 28-minute mental arithmetic stress task. Lawler et al. (2001) showed the possible existence of six different types of cardiovascular response to mental stress. These studies show that cardiovascular reactions to mental stress tasks can be divided into those that are characterized by changes in cardiac output, and those that are characterized by changes in total peripheral resistance. The present study also supports these findings. In the present study, the number of subjects was limited to a small number, and further sub-divisions in type could not be clarified. However the study can be said to confirm the current knowledge regarding the existence of two distinct types of reaction.
Many factors contribute to changes in blood pressure in response to mental stress and the responses of the heart and circulatory system that cause those changes. One well-known factor is the nature of the stress itself. It is well known that reactions to mental arithmetic tasks, which cause betaadrenergic stress, and reactions to cold pressure tests, which cause alpha-adrenergic stress, differ. Mental tasks increase cardiac output, heart rate and stroke volume but do not increase total peripheral resistance, whereas the reverse is true for cold pressure tests (Bongard et al., 2002; Gregg et al., 1999) . Other research compares physiological reactions to different types of mental tasks. Marshland et al. (2002) , compared reactions to speech tasks and mental arithmetic tasks, and found a significant correlation between increases in blood pressure and of immunological system response for both tasks. These results were found to be replicable within individual subjects. The authors implemented a study that compared physiological responses to three differing types of mental tasks, (short-term memory tasks, visual search tasks, and color-word tasks), and found that whilst heart rates were significantly faster and skeletal muscles were significantly more tense during the short-term memory task than the other two tasks, the response pattern was the same across all three tasks (Iwanaga et al., 2000) . The current research also shows that while there is a difference in the size of the response during mental subtraction tasks and color-word tasks, the response pattern is the same. An integrated appraisal of these results suggests that although there are clear differences such as between mental stress tests and cold pressure tests, there is no great difference in the actual pattern of physiological response to mental tasks that focus on the processing of information with the central nervous system. It is of great interest that while stress caused by mental tasks is fundamentally beta-adrenergic stress, and as such increases cardiac output, pulse rate and stroke volume, type variations exist regarding the degree to which the increase occurs and the total peripheral resistance reaction. The response of the cardiovascular system to mental stress appears rapidly after the presentation of the stressful stimuli, and is generally thought to be a reflection of changes in the autonomic nervous system that controls the heart and blood vessels. Among the subjects participating in the current experiment, a number of subjects exhibited decreases in total peripheral resistance during the mental stress task. Because these decreases were not accompanied by a decrease in cardiac output, it can be assumed that these observations resulted from the dilation of peripheral blood vessels. The difference in this response between patients could be reflecting differences in the activity of the sympathetic nervous system, which stimulates the release of nitrogen oxide (NO), a compound that contributes to peripheral dilation (Joyner and Dietz, 2003) .
From an anthropological perspective, there is great interest as to the genetic factors and environmental factors that influence the types of physiological reactions to mental stress tasks. Cheng et al. (1997) found that, with regard to blood pressure changes in response to mental tasks or physical exercise, the increase in blood pressure at the time of peripheral blood vessel dilation is largely genetically controlled. Ijzerman et al. (2000 Ijzerman et al. ( , 2003 , in a twin study that examined relationships between birth weight, and blood pressure and autonomic nervous system responses during mental tasks, also demonstrated that genetic factors play an important role in the process.
Other studies have addressed the issues of how differences in the type of response to mental stress are affected by migration (Bongard et al., 2002) , and socio-economic status, (Steptoe et al., 2002 (Steptoe et al., , 2003a (Steptoe et al., , 2003b ). Bongard's study investigated the cardiovascular responses to mental tasks of second-generation Turkish immigrants in Germany. The results found that the more adapted the immigrants were to German society, the larger the increase in their hear rate and cardiac output during the stress tasks. Further, the experimenters reported that groups with lower socio-economic status showed slower cardiovascular responses to mental stress. These results suggest that the process of adapting to a new culture, and socio-psychological stress can increase the beta response of the sympathetic nervous system, which could increase the risk of essential hypertension and coronary arterial heart disease.
The current study postulates that the differences in physiological response to mental tasks could be due to differences in the degree of adaptation to a living environment based on science and technology. It is easy to imagine the during the process of adapting to a new living environment, the same sorts of stress as that caused by acculturation after immigration could occur. Furthermore, as developments in science and technology and the changes that they cause in our living environment continue to accelerate, one can predict that the degree of adaptation to the environment may directly influence the very survival of individuals through its relation to the development of coronary arterial heart disease and other diseases. However, the responses of the cardiovascular system that reflect these different levels of adaptation are influenced not only by genetics and the environment, but also by other transient factors. Further research, involving a larger number of subjects and more strictly controlled experimental laboratory, is needed to clarify the influence of these factors.
